The authors investigated the associations between bowel movement and constipation frequencies and colorectal cancer (CRC) endpoints among men in the Netherlands Cohort Study on Diet and Cancer (n ¼ 58,279) and explored whether dietary fiber intake may modify associations. After 13.3 years (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999), 1,207 CRC cases and 1,753 subcohort members were available for case-cohort analyses. Multivariate analyses showed a significantly increased hazard ratio for CRC overall and rectal cancer in men who reported having a bowel movement 1-2 times per day (second-highest category) as compared with once a day (CRC: hazard ratio (HR) ¼ 1.29, 95% confidence interval (CI): 1.09, 1.53 (P trend < 0.001); rectal cancer: HR ¼ 1.50, 95% CI: 1.15, 1.95 (P trend ¼ 0.001)). Hazard ratios for CRC overall and rectal cancer were significantly decreased and lowest in men who reported suffering from constipation sometimes or more often versus never (CRC: HR ¼ 0.76, 95% CI: 0.58, 0.98 (P trend ¼ 0.02); rectal cancer: HR ¼ 0.57, 95% CI: 0.35, 0.90 (P trend ¼ 0.01)). No trends in the associations with proximal or distal colon cancer risk were observed. Interactions with dietary fiber intake were not significant. In this study, frequent bowel movements were associated with an increased risk of rectal cancer in men, and constipation was associated with a decreased risk.
Gut motility may be one of the mechanisms linking dietary factors and physical activity with colorectal cancer risk. A hypothesis by Burkitt et al. (1) predicts that decreased gut motility may increase colorectal cancer risk because carcinogens in stool are held in contact with the colonic mucosa for a longer duration of time and the concentration of carcinogens in the colon may increase. Decreased gut motility may be the result of low fiber intake, low fluid intake, and low levels of physical activity (2) .
Previously, most studies have not investigated measurable aspects of gut motility such as bowel movement and constipation frequencies. Instead, researchers have focused on fiber intake, mentioning gut motility as a possible explanation for the protective effect of fiber found in some studies (3) . Those studies that have been conducted have yielded inconsistent results. A meta-analysis of case-control studies conducted in 1993 (4) and several later case-control studies (5-9) associated infrequent bowel movements or constipation with an increased risk of colorectal cancer. Prospective cohort studies and a nested case-control study associated infrequent bowel movements with increased colorectal cancer risk (10, 11) , showed no association between bowel movement frequency and colorectal cancer risk (12) (13) (14) , or even suggested that frequent bowel movements may enhance risk (10) .
When investigating the association between bowel movement and constipation frequencies and colorectal cancer risk, prospective studies with long follow-up periods may be preferred over those with short follow-up periods or casecontrol studies, because reverse causation is less likely to be in play. This is important, because changes in bowel habits and constipation can be symptoms of colorectal cancer (15) . Additionally, prospective studies are less prone to selection and information bias. The prospective studies conducted thus far (10) (11) (12) (13) (14) have been limited by the fact that only 3 examined colon and rectal cancer risk separately (11) (12) (13) , while associations may differ by subsite. Depending on whether the rectum acts as a storage organ or a conduit organ-both of which are argued as possible (16) (17) (18) -the rectum as compared with the colon may be more or less affected by carcinogens in stool, and cancer risks may differ. Therefore, it is worthwhile investigating the associations between bowel movement and constipation frequencies and colorectal cancer risk, overall and at subsites. Additionally, it may be worthwhile analyzing possible effect modification by dietary fiber intake, because fiber intake may decrease colorectal cancer risk not only by increasing bowel movement frequency (provided that sufficient fluid is available (2)) but also by diluting carcinogens and binding carcinogenic bile acids, thereby producing short-chain fatty acids, which have been suggested to promote anticarcinogenic action (19) .
Within the Netherlands Cohort Study on Diet and Cancer (NLCS), which includes 120,852 men and women, information on bowel movement and constipation frequencies is available for men only. This enabled us to investigate the associations between bowel movement and constipation frequencies and colorectal cancer risk overall and at subsites in men. We also explored whether dietary fiber intake may modify these associations.
MATERIALS AND METHODS

Study population and design
The NLCS has been described in detail elsewhere (20) . Briefly, the NLCS includes 58,279 men who were aged 55-69 years at baseline in 1986 when they completed a mailed self-administered questionnaire on diet and cancer. Bowel movement and constipation frequencies were addressed in the questionnaire for men only, by means of the multiplechoice questions ''How often do you usually have a bowel movement?'' and ''Do you ever suffer from constipation?''. The questionnaire for women did not include these questions because of limited space, due to the inclusion of questions related to hormonal factors. The baseline questionnaire included a 150-item semiquantitative food frequency questionnaire (FFQ). Dietary fiber intake and other nutrient intakes were calculated from the FFQ using the Dutch food composition table for 1986-1987 (21) . With respect to fiber supplements, our measure of dietary fiber intake included fiber from bran and wheat germs. The FFQ was validated against a 9-day dietary record and was found to rank participants adequately according to intake of the food groups and nutrients investigated. The Pearson correlation coefficient for the correlation between dietary fiber intake as assessed by the questionnaire and intake as estimated from the 9-day diet record was 0.74 (22) . In a reproducibility study, the FFQ was shown to be a good indicator of nutrient intake over a period of at least 5 years. The Pearson correlation coefficient for the correlation between paired measurements of dietary fiber intake assessed by the FFQ was 0.68 for men (23) .
We used a case-cohort approach for data processing and analysis for reasons of efficiency, enumerating cases for the entire cohort and calculating the person-time at risk from a random subcohort of 5,000 members-of whom 2,411 were men-who were followed up for vital status. Incident cases of colorectal cancer were ascertained through the Netherlands population-based cancer registry and the Netherlands nationwide pathology registry (24, 25) . The estimated completeness of cancer follow-up was more than 96% (26) . Excluded from analyses were men who reported a history of cancer other than nonmelanoma skin cancer at baseline, men with an inconsistent/incomplete baseline dietary questionnaire, and men with missing information on bowel movement and constipation frequencies and potential confounders. The NLCS has been approved by the institutional review boards of the TNO Nutrition and Food Research Institute (Zeist, the Netherlands) and Maastricht University (Maastricht, the Netherlands).
Statistical analysis
Hazard ratios and corresponding 95% confidence intervals for colorectal cancer endpoints were estimated across categories of bowel movement and constipation frequencies using the Cox proportional hazards model with Stata software (Stata Corporation, College Station, Texas). For bowel movement frequency, possible answers were ''more than 2 times per day,'' ''1-2 times per day,'' ''once a day,'' ''every 2 days,'' and ''2 times per week or less.'' The categories ''every 2 days'' and ''2 times per week or less'' were combined into the category ''every 2 days or less'' because of limited numbers. For constipation frequency, possible answers were ''never,'' ''seldom,'' ''sometimes,'' ''often,'' and ''very often.'' The categories ''sometimes,'' ''often,'' and ''very often'' were combined into the category ''sometimes or more often'' because of limited numbers. In accordance with the literature, reference categories were chosen as ''once a day'' for bowel movement frequency and ''never'' for constipation frequency. Standard errors were estimated using the robust Huber-White sandwich estimator to account for the additional variance introduced by sampling the subcohort from the entire cohort (27) . The proportional hazards assumption was tested using the scaled Schoenfeld residuals (28) . If this assumption seemed to be violated, hazard curves were inspected visually and analyses were conducted for short and long durations of follow-up by splitting the followup time at 7 years (<7 years vs. 7 years).
Hazard ratios and 95% confidence intervals were estimated with an age-adjusted model and a multivariate model. In the multivariate model, we adjusted for potential confounders selected a priori from the literature and those that introduced a >10% change in hazard ratios or contributed significantly to the model. A priori selected potential confounders were: family history of colorectal cancer, occupational physical activity (calculated for the longest-held job), nonoccupational physical activity, smoking status, alcohol intake, body mass index (weight (kg)/height (m)
2 ), fresh meat intake, processed meat intake, and dietary fiber intake. Other potential confounders considered were socioeconomic status (defined by educational level), self-reported diabetes, and intakes of total energy, folate, b-carotene, vitamin B 6 , vitamin C, vitamin E, fruit, vegetables, dietary water, calcium, total fat (energy-adjusted), magnesium, and heme iron. Of these factors, socioeconomic status (by educational level) contributed significantly to the model and was included. Additionally, hazard ratios were estimated with models mutually adjusted for constipation or bowel movement frequency. Interactions between bowel movement and constipation frequencies, on the one hand, and tertiles of dietary fiber intake based on intake among male subcohort members, on the other hand, were tested using cross-product terms.
In a sensitivity analysis, we checked whether hazard ratios for the association between bowel movement frequency and colorectal cancer risk differed when no adjustment was made for dietary fiber intake, because bowel movement frequency may be an intermediate factor in the association between dietary fiber intake and colorectal cancer risk. We also repeated analyses after excluding participants who reported chronic bowel disorders at baseline. Furthermore, because dietary fiber may bulk feces and increase gut motility only when sufficient fluid is available (2), we created a combination variable for dietary fiber and dietary water intake and investigated interactions once more. Dietary water intake from foods and fluids was calculated using the 1986-1987 Dutch food composition table (21) . Categories were ''low fiber/low water intake,'' ''high fiber/low water intake,'' ''low fiber/high water intake,'' and ''high fiber/high water intake.'' Finally, to check for the influence of preclinical disease, we repeated the analyses after excluding the first 2 years of follow-up and for the first 2 years of followup only. Statistical significance was indicated by a P value less than 0.05 for 2-sided testing. Table 1 shows bowel movement and constipation frequencies and data on potential confounders for male subcohort members and colorectal cancer cases. The cross-tabulation of bowel movement and constipation frequencies in Table 2 shows that men who reported having a bowel movement every 2 days or less, as compared with men in other bowel movement categories, were more likely to fall into the highest constipation frequency category.
RESULTS
Multivariate analyses showed significantly increased hazard ratios for colorectal cancer, particularly distal colon cancer and rectal cancer, in men who reported having a bowel movement 1-2 times per day as compared with once a day (hazard ratio (HR) ¼ 1.29 (95% confidence interval (CI): 1.09, 1.53), HR ¼ 1.29 (95% CI: 1.01, 1.64), and HR ¼ 1.50 (95% CI: 1.15, 1.95), respectively). In men who reported having a bowel movement more than 2 times per day, in comparison with once a day, hazard ratios leveled off and were not significant, possibly because of limited statistical power. Hazard ratios across subsites were nonsignificantly decreased in men who reported having a bowel movement every 2 days or less as compared with once a day. Tests for trend showed significant positive associations with the risks of colorectal and rectal cancer (P trend < 0.001 and P trend ¼ 0.001, respectively) but not the risks of proximal and distal colon cancer (Table 3) .
With respect to constipation frequency, a significantly decreased hazard ratio for colorectal cancer was observed in men who reported suffering from constipation sometimes or more often as compared with never (HR ¼ 0.76, 95% CI: 0.58, 0.98). Significantly decreased hazard ratios for rectal cancer were observed in men who reported suffering from constipation seldom and sometimes or more often, as compared with never (HR ¼ 0.75 (95% CI: 0.56, 0.99) and HR ¼ 0.57 (95% CI: 0.35, 0.90), respectively). Tests for trend showed significant inverse associations with colorectal and rectal cancer risk (P trend ¼ 0.02 and P trend ¼ 0.01, respectively). No associations were observed between constipation frequency and proximal and distal colon cancer risk (Table 3) .
Additional mutual adjustment in multivariate analyses yielded comparable results, although hazard ratios were slightly attenuated (Table 3) . Furthermore, a sensitivity analysis showed that results were comparable when no adjustment was made for dietary fiber intake. The same was true after excluding participants who reported chronic bowel disorders at baseline (n ¼ 75), although hazard ratios for the association between constipation frequency and colorectal and rectal cancer risk were attenuated, and a significant trend in the association with colorectal cancer risk was no longer present (data not shown). Abbreviations: CI, confidence interval; HR, hazard ratio; PY, person-years. a Adjusted for age, family history of colorectal cancer, occupational physical activity (calculated for the longest-held job), nonoccupational physical activity, smoking status, alcohol intake, socioeconomic status (by educational level), body mass index, fresh meat intake, processed meat intake, and dietary fiber intake.
b Additionally mutually adjusted for constipation or bowel movement frequency. Am J Epidemiol 2010;172:1404-1414 Table 4 shows the results for the associations between bowel movement and constipation frequencies and colorectal cancer risk, within tertiles of dietary fiber intake. Associations were not evidently dependent on dietary fiber intake, and interactions between bowel movement and constipation frequencies on the one hand and dietary fiber intake on the other hand were not significant. Results for subsite analyses were similar (data not shown). Again, additional mutual adjustment yielded comparable results. When interactions were tested using a combination variable for dietary fiber and water intake, no significant results emerged (data not shown). Table 5 shows the results of analyses for short and long durations of follow-up after splitting the follow-up time at 7 years. Comparable estimates emerged, although, for long follow-up (7 years), hazard ratios for the association between constipation frequency and colorectal cancer risk were attenuated and a significant trend was no longer present. Analyses excluding the first 2 years of follow-up yielded estimates comparable with our main results (data not shown). Analyses for the first 2 years of follow-up showed significantly increased hazard ratios for colorectal cancer in men who reported having bowel movements 1-2 times per day and more than 2 times per day, as compared with once a day. Tests for trend showed significant positive associations with colorectal and rectal cancer risk. We observed no associations between constipation frequency and colorectal cancer endpoints. However, the number of cases after 2 years of follow-up was low, yielding unstable estimates (data not shown).
DISCUSSION
In this study, a significantly increased risk of colorectal cancer, particularly distal colon cancer and rectal cancer, was observed in men who reported having a bowel movement 1-2 times per day as compared with once a day, but not in other categories. Colorectal and rectal cancer risks were significantly decreased in men who reported having constipation to some extent as compared with none. Tests for trend were significant for associations with colorectal and rectal cancer risk, indicating positive associations for bowel movement frequency and inverse associations for constipation frequency. No significant trends were observed in the associations with proximal and distal colon cancer risk. There was no evidence of effect modification by dietary fiber intake. In a pooled analysis of prospective studies, including the NLCS, Park et al. (19) found dietary fiber intake to be inversely associated with colorectal cancer risk in ageadjusted analyses.
Our findings do not confirm the hypothesis of Burkitt et al. (1) and are in contrast with a 1993 meta-analysis of case-control studies (4) and several later case-control studies that associated infrequent bowel movements or constipation with an increased risk of colorectal cancer or colon cancer (5) (6) (7) (8) (9) . Of the prospective studies conducted, one found an increased risk of colorectal cancer, particularly colon cancer, in persons having infrequent bowel movements (i.e., less than daily) (11) , and another found an increased colorectal cancer risk in persons having highly (10) . The latter study suggested that highly frequent bowel movements may also enhance risk (10) , which is consistent with our study. In 2 other prospective studies (12, 13) and 1 casecontrol study nested within the European Investigation into Cancer and Nutrition-Norfolk (14) , investigators concluded that there was no association. However, a significantly increased colorectal cancer risk for frequent bowel movements (i.e., 2-3 per day) was observed in the nested case-control study (14) when adjusting for lifestyle factors only, instead of lifestyle factors and laxative use. Attenuation after adjustment for laxative use may have occurred in the nested case-control study (14) because laxative use may predict bowel movement frequency. Alternatively, attenuation might mean that laxative use is the explanatory factor behind the increased risk, as laxative use increases bowel movement frequency and specific laxatives have been indicated to be colorectal cancer risk factors (29) (30) (31) (32) (33) . However, not all studies have shown support for this (31, (34) (35) (36) , and some have even suggested antitumoral effects (37, 38) . In studies on bowel movement and constipation frequencies, overall laxative use was not consistently associated with colorectal cancer risk (4, (8) (9) (10) (11) (12) 14) . We could not check whether adjustment for laxative use attenuated our results because insufficient baseline information was available on laxative use. Only 18 male subcohort members (1.0%) reported laxative use in reply to the question ''What medicine(s) have you used for longer than 6 months?'', making underreporting likely. However, laxative use among men in the Netherlands may have been low, as the percentage of laxative users among men aged 45 years or older between 2000 and 2009 was 3.2% or less (39) .
A different explanation for the increased (colo)rectal cancer risk observed for frequent bowel movements may involve prostaglandin E 2 . Besides its role in inflammation (40) , prostaglandin E 2 is thought to promote tumor growth by enhancing cell proliferation, promoting angiogenesis, and inhibiting apoptosis (41) (42) (43) (44) . Prostaglandin E 2 has also been reported to mediate peristalsis in animal studies, although findings mainly concerned effects in the small intestine (42) . To check the plausibility that the effects of prostaglandin E 2 (partly) underlie the increased risk found, we performed 4 extra analyses. In these analyses, we additionally adjusted for linoleic acid intake, linolenic acid intake, total polyunsaturated fatty acid intake, and intake of aspirin and other nonsteroidal antiinflammatory drugs. The rationale for this was that linoleic acid and linolenic acid can be converted into arachidonic acid, which is converted into prostaglandin H 2 (a precursor of prostaglandin E 2 ) by the activity of cyclooxygenases 1 and 2 (45) . Nonsteroidal antiinflammatory drugs are known to inhibit the activity of cyclooxygenases 1 and 2 (41, 43), thereby reducing prostaglandin E 2 levels (45). Furthermore, derivatives of polyunsaturated fatty acids other than arachidonic acid compete with arachidonic acid for enzymes that convert arachidonic acid into prostaglandins (40) . No essentially different results emerged from these analyses (data not shown), providing no indication that the effects of prostaglandin E 2 (partly) underlie the increased (colo)rectal cancer risk for frequent bowel movements.
To our knowledge, the finding of a significantly decreased (colo)rectal cancer risk for constipation has not been reported before. Because constipation can be a symptom of colorectal cancer (15) , results should be interpreted with caution. Following the hypothesis that cancer risk may increase if carcinogens in stool are in contact with the mucosa for an extended duration of time, the finding of a decreased rectal cancer risk suggests that the rectum predominantly acts as a conduit organ and that stool is stored more proximally in the colorectal tract when a person is constipated. However, one would then expect an increased cancer risk in the distal colon or rectosigmoid junction. We did not observe an increased distal colon cancer risk, but we could not investigate the association with rectosigmoid cancer risk because of limited power. We must also note that the results for constipation were not robust in several sensitivity analyses and that people may define constipation differently according to their usual bowel movement frequency. The cross-tabulation of bowel movement and constipation frequencies and the comparable results obtained from mutually adjusted models indicate that these frequencies did not measure the exact same exposure.
Strengths of this study include the prospective design and the high completeness of follow-up (>96% (26)), making it unlikely that selection or information bias influenced our results. Furthermore, the large number of participants and the measurement of many risk factors at baseline enabled us to perform analyses for colorectal cancer subsites and to adjust for potential confounders. However, in the stratified analyses, case numbers within tertiles of fiber intake were low for some categories.
A possible limitation may be that data on bowel movement and constipation frequencies were self-reported and were not validated or tested for reproducibility. Therefore, misclassification cannot be ruled out, and it may be questioned whether a single measurement at baseline was representative of a period of 13.3 years. If potential misclassification was independent of disease, attenuation of the estimates will most likely have resulted. When the baseline measurement was not representative over 13.3 years, it may have been that bowel movement frequency decreased and constipation frequency increased, since age is thought to be correlated with a decrease in gut motility, either directly or because of the intake of constipating drugs, reduced dietary fiber intake, and lower levels of physical activity (46, 47) . Interestingly, an extra analysis showed frequent bowel movements to be associated with an increased risk of colorectal cancer, particularly distal colon and rectal cancer, and constipation to be associated with a decreased risk of rectal cancer in men older than age 61 years but not in men aged 61 years or younger (data not shown). Limitations of our dietary fiber intake measure may be that fiber intake was overestimated (27.3 g/day on average by the FFQ vs. 25.7 g/day on average by a 9-day diet record (22) ) and that only 1 baseline measurement was available. However, the correlation between dietary fiber intake as estimated by the FFQ and the 9-day diet record was high (0.74) (22) , and the FFQ was found to be reproducible over a period of at least 5 years (23).
In conclusion, we observed frequent bowel movements to be associated with an increased risk of colorectal cancer in men and constipation to be associated with a decreased risk. Subsite analyses revealed associations with rectal cancer risk in particular. There was no evidence of effect modification by dietary fiber intake.
